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FLIGHT INVESTIGATION OF THE EFFECT OF VARIOUS VERTICAL-TAIL MODIFICATIONS ON
THE DIRECTIONAL STABILITY AND CONTROL CHARACTERISTICS

OF A PROPELLER-DRIVEN FIGHTER AIRPLANE
By HAROLD L JOHXSON

SUMMARY

.4 jlight intiestigation was made to determine the effect of
~a~ous ~e~~al.ta~~ modi$cat~ons ~ti of some combinations CIf

these modij$cations on the directional stabi[ity and ixmtrol char-
acten”stics of a propeller-drimm jighter airydane. SX di~eren-t
t.w-tical-tail conjurations were in,cestigated to cktermine the
Iateraldirectimal oscillation cha.ractem”stks, the &&&ip char-
acteristics, the yaw due to ailerons in rudder--xed TOUSfrom
turns and pull-outs, the trim changes dw to speed chunges, and
the trim changes due to power changes.

Results of the tests showed that increasing the aspect ratio of
the ~etiical tail by 40 percent whi.k increasing the area by only
12 percent approximately doubled the directional stability of the
airp[an.e. The pilots cmsidered the directional characteristics
of the airplane unsatisfactory with the or@&al vertical tail but
satisfactory with the. enlarged vertical tail. The ventral and
dorsal jins tested had little efect on the directional statnlity of
the airplane but were e~ective in eliminating rudder-jorce
reversals in high-engin+pmmw w“deslips.

INTRODUCTION

.A fight investigation was made by the Flight Research
DivMon at the Langley Aeronautical Laboratory to deter-
mine the effect of wwious -rertical-t,a.ilmodiktions on the
directional stability and control characteristics of a propelIer-
driven @hter airphme. Preliminary tests had shown that
the originaI vertical tail provided ine.ticient directional
stabiIity to hold the yaw following abrupt fti aiIeron deflec-
tion (rudder fixed) below 200 at lo-ivspeeds, that rudder-force
reversa.k occurred in sideslips at low speeds with high engine
power, and that the controls-free lateral-directional oscilla-
tions were poorly damped in some flight conditions. Fur-
thermore, it was found to be diflimilt to maintain constant
normal acceleration in steady turns and this diflicuhy was
attributed to inability to maintain a constant sideslip angle
because of low directional stability. In order to improve the
directional characteristics, the following modiftcationa were
suggested: (1) an enlarged vertical taiI formed by add&~ a
tip extension to the orig.id vertical tafl; thereby the geo-
metric aspect ratio. would be increased, (2) a small dorsal
fin, and (3) a large ventraI fin. This report presents data
show@ the effects of these separate modifications and of a
combination of aU t-he modiflcatione on the directional
stabdity and control characteristics of the airplane.

AIRPLANE .AND VERTICAL-TATL MODIFICATIONS

General specifications of the prope~er-driven fighter air-
plane are given in table I and a three-tiew drawing of the
airplane is show-nas figure 1. Because of fuel consumption,
t-he center of gravity varied during the investigation from
about 26.5 to 24.5 percent mean aerodpmmic chord and the
gross weight varied from about 8,350 to 7,800 pounds.
Ca.lcuIationeand limited test data for widely varying center-
of-gratity locations indicated the 2-percent change in cent-er-
of-gra~ty position encountered in the tests would have a
negligible effect on the directional characteristics of the air-
plane. Plan forms of the original vertical tail and the en-
hirged vertical tail are shown in figure 2. Dimensional
characteristics of the two vertical tails are given in table II.
The enIarged vertical tail irrrolved an increase in vertical-
tail height of Hx inches and a slight “increasein area from
23.73 to 26.58 square feet; however, the geometric aspect
ratio (based on vertical-tail height above the horizontal-
tail center line and total vert.ical-t.aiIarea) was increased
from 1.1.2to 1.58.

The plan forms and major dimensions of the dorsal and
-rent.ralhe are shown in figure 3. The emd dorsal fin (fig. 4)
had a sharp edge extendhg approximately the fist three-
quarters of its length a.long t-he fusela.ge; from that point,
the edge -wasgraduaIIy rounded to fair into the tln leading
edge. The large ventral iln (fig. 5) had a sharp edge along
its entire length. Photographs of the various airplane con-
figurations tested, in the order of subsequent data presenta-
tion, are given as figure 6.

The reIat.ionbetmeenangtiar travel of the rudder and linear
travel of a rudder pedal a~ongits arc is shown in figure 7.

INSTRUMENTATION

Standard lYACM recording instruments were used to
measuxe the folIowing quantities:

(1) Calibrated airspeed
(2) Pressure altitude
(3) Normal acceleration
(4) Aileron angle
(5) Rudder angle
(6) Rudder pedal force
(7) Sideslip angle
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FIGURE l.—Threwiew drawing of the propellerdriven fighter airplane.

Airspeed was measured from a pitot-static tube mounted
orI‘the end of a specitd boom extending 1 chord length ahead
of the right wing near the wing tip. Airspeed is defined by

VC=45.08j0&
where

calibrated airspeed, miles per hour
.; standard soa-level compressibility correction factor
!7, difference between total pressure and free-stream

static pressure (corrected for position error), inches
of water

TABLE I

GENERAL SPECIFICATIONS OF

.

PROPELLER-DRIVEN
FIGHTER AIRPLANE!

Engine. ----- .-------------------------..--._.Mliso~~Ir-l71O-93
Ratfig:

Take-off----- 1,325 bhp at 3,000 rpm, 54 in. Hg at sea lCVCI
Normalrated- 1,050bhp at 2,600rpm, 43 in. Hg at 10,000ft
Militaryrated- 1,180bhp at 3,000 rpm, 52 in. Hg at 21,500ft

Propeller (special Aeroproductstype) ‘
Diameter---------------------------------------- 11 ft7 in.
Number of blades-------------------------------------- -1
Engine-propellerg;ar ratio--------------------------- 2.23:1

Fuel capacity (without belly tank), gal-------------------- 136
Weight empty, lb--------------------------------------- 5,910
Normal gro~ weight, lb-_-__----- _---- .-------------.. -ti. 7,650
Wing loading (normal gross wt.), lb/sq ft-.----..-.-...---.---.. 30.85
Power loading (normalgross wt., 1,050 bhp), lb/bhp--------- 7.20
Over-W height (taxying position)----------------------- 11ft 4 in.
Over-alliength ------------------------------------- 32 fi S$tin.
Wing:

Span, ft-------------------------------------------- 38.33
Area (includingsection through fuselage), sq ft.. .-- . . . . 248
Airfoif section, root------------------------- NACA 66,2s-116
Airfoil section, tip-------------------------- NACA 66,2s-216
Mean aerodynamic chord, in-------------------------- 82.54

Leadingedge M.A.C., inchesbehind L.E. root chord. G.11
Aspect ratio------------------------------------------ 5.92
Taper ratio------------------------------------------ ..0.5
Dihedral (35-percent chord, upper surface), deg--------- 3.67
Root incidence, den--------------------------------- 1.30
Tipincidence, deg----------------------------------- –0.45

“Wingflaps (piain sealedtype):
Totalarea, sqft ------------------------------------ 12.f)
Span along hinge line, each, in------------------------ 62.3S
Travel, down, deg-------------------------------------- 45

Ailerons:
Span a.lohghinge line, each, in----------------------- 120.75
Area rearwardofWlngec enterline, each, sift ---------- 8.14’
Fixed balance area, each, sq ft----..-.-.-....-----.--- 4.83
Location of inboard end of aileron,percent semispan---- 44.2
Location of outboard end of aileron,percent scmispan--- 9G.7
Travel, deg----------------------------------------- + 15

Horizontal taiI:
Span, in-------------------------------------------- 175
Total area, sqft ------------------------------------ 46.92
Stabilizerarea, sqft --------------------------------- 34.15
Total elevator area, sqft ----------------------------- 12.77
Elevator area rearwardof hinge center line, including tab,

sqft --------------------------------------------- 9.85
Elevator area forward of hinge center line, sq ft--------- 2.92
Elevator trim tab area, sq ft-------------------------- 0.92
Distance elevatirtingecentcrt inetoL.E.o fhi.A.C.,i n.- 226.28
Elevator travel from stabilizer,do\vn,den-------------- 15
E1evatortravel from stabilizer,up, den--------------- 35

Vertical tail:
See table II.

Calib~ated airspeed co~esponds to the reading of a
standard Air Force-NTavyairspeed indicator conncctccl to a
pitot-static tube free from position error.

=.:
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TABLE 11.—DIJ1EXSIOXS Ol? ORIGIN.AL AND EXL.ARGED
VERTICAL TAILS TESTED ON SUBJECT AIRPLANE

I \(MginsI
Totaf height aIong hinge eepter Mne,in .. . ------------------
Height above horimntaf tsd center line, in--------------------
TotaIarea. sq ft-----------------------------------------------
Ftiarm, sqfE -------------------------------------------------
Total ruddermea, sq ft---------------------------------------
Rudder area rearward of hinge center line, sq ft------ ---------
Rndder ares forward of hhrge center line, sq ft-------------
Rudder trim tab are& sq ft-----------------------------------
Distance from rudder hinge center Ifne to L. f?. ofM.A.C.,fn..-
Finot7M from thrust SXR.@z.----. - . . -----------------------
Rudder trmel, de~-...---”---~------. -- . . ..-. --.. --.. -... ----. t

i3. 87
62.OfI
23?3~

10.%
S.30
L 96
0.54

24s.40
n

+30

j

u

.&/difionaf area, 2.85 sq f i..’5

Enlarged

94.62
77.75
26.56
15.96
IO.62
:t#
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23.72 Sq ft..= .

>

rhrusf Ox!k
-—&—-—-—-—-

*-F

FIGI._SE 2—Orf@al and enlarged rerricsI ~ Winces tested on a~Pl~e-

The measurements of aileron and rudder angle were made
by instruments cormectecl directly to the respective control
surfaces.

The sideslip anggleswere measured from a free-floating mme
mounted on the end of a special boom extending about
1 chord length ahead of the left wing near the-wingtip. No
cahbration was made of the possible position error of this
imta.llat.ion; therefore, the absolute sidesIip a.ngles shown
herein may be in error by about 10 to 20 because of possible
outflow or inflow near the wing tips. Such errors are typical
of simiIarinstallations on other simiIarairplanes. In spite of
possible error in absolute sideslip angle, however, c-h~es in
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FrrwaE 4.—Detafl *W of dorsal fm.

sideslip ar@e measured at a given speed and nonnal accelera-
tion are believed to be correci.

FLIGHT TESTS

The investigation consisted in determin@ the directional
stability and control characteristics of the airplane with the
various vertical-tail configurations from the following types
of tests:

(1)

(2)
(3)
(4)
(5)
(6)

Lateral osc.illatione
Sideslips
Rolls out of turns
Rolls from pull-outs
Trim changes due to
Trim changes due to

speed cha.~ees
power changes
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FIGURE 5.—Detail view of ventraI Eu showing shsrp edge and cross section,

The airplane was in the clean condition (landing gear and
flaps retracted) for aIl the tests.

The lateral oscillations were made by suddenly releasing
all the controls after the airplane had been put into a smalI-
angle steady sidedip. Theso runs were made using power for
leveI flight at an altitude of 5,OOOfeet at indicated airspeeds
of 150, 200, 250, and”300 miles per hobr.

The sideslips were made by the continuous-recording
technique that is described in detail in reference 1. The
steady yawing and roIIing velocities in the continuous side-
slips were heId sui%cientlyIow to consider the restdttig data
representative of that which would be obtained in steady
sideslips. SideeIips were made at an aItitude of 5,OOOfeet
with engine idling at 150 miles per hour and with normal
rated power at 150 and 300 miles per hour and at an aItitude
of 25,000 feet with normal rated power at 150 miles per hour.

The rolls out of turns were made with engine idling at an
altitude of 5,000 feet at speeds between 125 and 130 miles
pcr hour (approx. 125 to 130 percent of the power-off stalling
speed). For these tests, the airplane was first put into a
steady banked turn with about 45° bank angle (correspontlng
to approx. 1.4g normaI acceleration) and then the stick was
moved abruptly to a predetermined lateral deflection against
the direction of bank while the rudder was heId fixed. The
resulting roll was held until after the maximum sideslip
angle had been obtained.

Rolls from pull-outs were made at an altitude of about
5,000 feet at speeds of 200, 250, and 300 miIes pcr hour. In
order to execute these maneuvers, the pilot rapidly pulled
the airplane to 3g normaI acceleration with wings lc,tcraIIy
level and then abruptly appIied a. predetermined aileron
stick deflection while the rudder was held fixed. Until the
maximum sideslip angle was reachccl, the pilot attempted to
hold the initial normal acceleration constant by movements
of the devator in accordance with indications of a, visuid
accekwometer. For this series of tests, the propeller bIadc
angIe and thrust coefficient were hekl constant at the values
determined by using normal rated power at an indicated
airspeed of 300 miIes per hour. Therefore, at the lower @L.
speeds, both the engine speed and manifold prcssuro were
reduced from the values corresponding to normal rated
power (2,600 rpm, 43 in. Hg). The propdlcr blade angle
and thrust coefficient were held constant in t,hcsetests in nn
attempt to maintain constant the contribution of the
propeIler to the directional stability of the airplane.

The directional trim changes due to speed changes were
investigated only for tbe rated power condition at an alt.itudc
of approximately 5,000 feet for one rudder t,rim;tab setting.
These tes@ were made by trimming the rudder force to zero
in level flight (roughly 300-mph indicated airspeed) nnd then
taking records in Iaterally level straight flight at steady
speeds ranging from the staIIingspeed to indicated airspeeds
of 450 to 470 ties per hour.

Directional trim changes due to power changes were deter-
mined at an altitude of 5,000,feet at indicated airspeeds of
125, 150, and 300 miles per hour. In making these tests
the airplane was fist trimmed for zero rudder force with
rated power while the wings were held level in straight flight
at the chosen speed. The throttIe was then retarded to icllc
jhe engine. Records were taken after the initinl flight speed,
a laterally leve~attitude, and a straight flight path had been
restored. The directional trim changes were tdso measured
starting from the engine-idling trim condition.

RESULTS AND DISCUSSION

LATERAL-DIRECTIONAL OSCILLATION CHARACTERISTICS

Figure 8 shows a time history of an undamped Iatoral-
directional oscillation which was encountered with the originnl
vertical tail during a preliminary investigation of longi-
tudinal stability characteristics and which was pmtIy
responsible for the present investigation. Upon noting n
small ampIitude periodic motion of the airplane during a
routine climb to high altitude, the pilot fixed the controIs
to the best of his ability and obtained a record of tho sub-
sequent motion that failed to damp out. The minute con-
trol motions that actually occurred (fig. 8) are beIicvecl to bc
the rewdt of the floating tendencies of the controI surfaces ,
coupled with control-system flexibility and possible play in
the control systems rather than the result of stick or rudder
pedal movements. ‘

The oscillation appears on the suri’aceto be a mtmifcst,ation
either of snaking, a continuous Iateral-directional oscilhtion
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in which movements of the rudder reinforce the motion, or
of DutcCh roll, a continuous lateral-directional oscillation
which occurs with rudder fixed. Of these two possibilities,
the evidence appems to favor t-he Dutch roII supposition
because the rudder’movements which occur appear much too
smaII to account for the .20 to 30 change in sideslip ar@e
involved. The occurrence of Dutch roll. would indicate
iusticient directional stability in the case of this airplane
because the dihedral effect, though positive, is not strong.

The fact t-hat the continuous oscillation was not en-
countered in the present series of tests even though alI the
airplane conditions were the same with the exception of the
longitudinal stability was note-ivorthy and suggests the
possibility that the continuous oscillation may have been
reIated t.o coupling of the lo~~itudinal and directional
motions through the gyroscope reactions of the propeller.

A summary of the lateral-directional oscillation characteris-
tics determined in the iwrestigation is gi-ren in figure 9. All

.“ -
,,- .
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(d) Enlarged vertkd tail with ventraI $n.

. ..-
.

-. -“. ,. --. .“ —
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(e) EnIarged vertkal tail with dorsal 5.

. —-- .F -: -

(f) Enlarged vertical tail m“tk dorsd and rentral !lns.
FIGmE 6.—TerticaI-taiI con6gme.tions.

t-heresults of figure 9 were obtained from time histories of
the variation in sideslip angle. The time required for the
oscillation to damp to haJf-a.mpIitudewas measured directly
from envelope curves drawn on the curves of sideslip angle
pIotted against time. In general, each test point shown in
figure 9 is an average of tvo to four separate detertiations.

The restits of figure 9 show t-hat the acldition of the ventral
&to the original vertical tail caused a.n appreciable clecrease
in the period, particularly at higher speecls. This decrease
in periocl indicates an appreciable increase in directional
stability. Eowe~er, the increased aspect ratio brought
about by t-he addition to the tip of the original vertical t-ail
caused an even greater decrease in period at all speeds;
thereby greater in&ea.ses h directional stability are indi-
cated. It maybe noted that additiona of ventral- and clord-
fLU area to the enIarged vertical tail did not bring about
pronounced changes in period, particularly at higher speeds.
Therefore, it appears that Iow-aspect-ratio fins such as the



458 REPORT 973—NATIONAL ADVISORY COM.MITTEJF FOR AERONAUTICS

Rem-word Forword
figh+ rudder pedul fruve~ in.

Fmmm7.-VariatiOnOfr ud&xangle withpositlono fright rudder pedal. Rudder-pedal
moment arm 10$4inches. Pedal trawl meaaurad along arc.

ventral fin tested may be reasonably beneficial to directional
stabiIity when the inititd directional stability is meager but
relatively ineffective when the initial directional stability is
good. This view is substantiated by the data obtained in the
other types of directional stability tests as is shown subse-
quently. The data indicate that the dorsal and ventral
fins were, in general, more effective in improving the damp-
ing of the Iateral oscillations than was the adclition of tip
area to the original vertical tail. Such a result appears
reasonable in view of the probable effects of the different
modifications on the effective dihedral of the ai.qdane.

The latercd:directional-oscillation data have been plotted
as the time to damp to half-ampIitude against periocl in
figure 10. The boundary between satisfactory and unsatis-,
factory characteristics according to reference 2 has been
included for comparative purposes. All the data lie well
within the satisfactory side of the bounclary and thesQresults
~gr~ed with pilots’ opifio~ of the clamping of the oscilla-
tions. The pilots believed, however, that the lateral-
directional-oscillation tests did not show up the-difhwnces in
directional stability that were apparent when flying the
different configurations in the other types of maneuvers,
such as the rolls from turns cmd puI1-outs. .

SIDESLIP CHARACTERISTICS

The results of the sid.esliptests are shown in figures 11 to
13. Note that in these figures and in a few subsequent
figures some of the faired curves have been repeated several
times to facilitate an evaluation of the effect of the various
modifications on tha directional characteristics. Ivlore specif-
ically, the plots at the top of each fig-ire are designed to
show the. effect of increasing aspect ratio of the vertical tail
and, to a lesser extent, increasing verticaI tail area; the next
set of curves shows the effect of adding the ventral fin to the
original vertical taiI, and the remaining plots show the effect
of adding the ventral and dorsal fins to the enlarged vertical
tail.

The data obtained for both the engine-idlipg and the

ratecl-power conditions at 150 miles per hour at an altitude
of 5,000 feet are shown in figure 11. In the top pIot of
figure 11 (a), when the aspect ratio and vertical-tail mea
were increased, a definite increase in s]opc of the CLU%-C of
rudder angIe pIotted against sideslip angle OCCWIWI. 3iem-
urements of the slopes of these curves at zero sidcslip nnglc
resuh in values of 0.72 and 1.04 for the original and enlargccl
vertical tails, respectively. On a percentage basis, the slope
of the curve for the enlarged vert.icaItail is about 144 pcrcen~
of the slope for the original verticaI tail. When the relative
effectiveness of the two vertical t.aiIsand rudclers (as csti-
mated from the dimensions of tables I cmcl11 and the charts
of “refere~ce3) is considerecl, however, it mm bc shown thab.
these slope values indicate the enhmgedvertical t,aiIprovidccl
about 194 percent of the rudder-fixed direct.iomd sh-hility
supplied by the original vertical tail. This greater relat-ivc
increase in directional stability over the increase in slope of
the curves of rudder angle against sicleslip t-mgleis clue
primarily to the higher lift-curve slope of the enlargwl
vertical tail rcsuking from the large increase in nspcct ratio.
The effect of adding the ventral fin (fig. 11 (u)) was to in-
crease the directional stability primarily at high siclcslip
angles.- The ventral fin again caused a greater incremc in
directional st.abiIity when used with the original verticrtl
t,aiI than when used with the enlargecl vertical tail, The
addition of the ventral fin to the origins.Ivertiml tail or the
addition of either the ventral or the dorsal fin to the cnhwgccl
verticaI tail caused a marked steepening of the curves of
pedal force against sideslip angle at large angles of sidcslip;
this tretid is characteristic of the effect of such fins and re-
sults from the increase in rudcler-fi~ed directional stability
contributed by the fins at high angles of sicIeslip.

With normaIrated power at 150 miles per hour (fig. 11 (b)),
the airplane exhibited strong tendencies toward ruclclcr-
force reversaI a.thuge angles of sideslip both in left and in
right sidesIip with either the original or e$arged ve.rticvd
tails. Actual rudder-force reversak were encountercd in Mt
sideslip for both configurations, but the datrt are not shown
because .of unsteadiness in the airphme motion which oc-
cuyed at very large angles of sideslip. The piIot reporLcd
that when a left sideslip angle of approximcttel#25° was
reached, the rate of yawing seemed to in~reaseprccipiLousIy
without further movement of the rudder pedals. In onc
particular run with the original vertical tail, a IcfL siclcslip
angle of 35° was attained before recovery was efi’ectcd. This
undesirable characteristic was beIieved to be caused by [he
combination of rudder overbakmce and great ffcxibili~y of
the control system. During a slow increase in sicleslipangle,
as the rudder force was relieved at large sicleslip mgk bc-
ca.useof the usual Iarge negative rudder floating tendency,
the ruclder automatically moved farther without a corre-
sponding movement of the rudder pedals inasmuch as the
deflected control system was returning to an unstressed con-
dition. From the data shown in figures 7 and 11 (b), it has
been estimated that the rudder would move approximately
6° with the rudder pedals fixed for a rudder hinge-moment
change corresponding to a 100-pound chango in rudclerpedal
force. When the ventrtd fin was used with the original ver-
ticaI taiI or when either the ventral or the dorsal fin or a.com-
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FIGC-RE S.—Time hstory of undamped dxwtionrd oscfllotfon which occurred in steady climb at about 150miles per hour at an altitude of %000 feet. Xormd rated WW. Orfi@a~ ~er~~
rail. Pilot attempted to hold dl eontds rfgfdly dsed mhfk obtainfng thfs remrd.

bimttion of the two was used -with the enlarged -mrtical tail,
the rudcler-i’orce reversal was eliminated ancl the rudder
pedals could be deflected fulIy against the stops in the pilot’s
compartment without encountering any precipitous yawing
tendency. In the absence of rudder-force re.verad, the rela-
t.i-relygreat fle.tibility of the rudcler control system was not
objectionable. Figure 11 (b) shows that the use of both the
dorsal and ventrrd fins with the enlarged -rertical tail caused
a. marked increase in both rudder-fixed a.ncIrudder-free
directional stabiiity in low-speed, high-power conditions of
flight.

Fi=me 12 presents the. data obtained in sideslips at cm
incLicatedairspeecl of 300 miles per hour at an altitude of
5,000 feet with normaI rated pomer (2,600 rpm, 43 in. Eg).
The data show that for the srnaIIranges of siclesIipangIes
covered addition of the ventral fin to either the original or
enlarged vertica.I t-ailhad no appreciable effect on the s~opes
of the curves of rudder a.~~leor rudder force against sideslip
angle; whereas the addition of the dorsaI fin to the enlarged
vertical tail had a dightly beneficial @ect on the slopes.
Howe~er, the top curves of figure 12 show that increasing
the aspect ratio ancl area of the ori=ginalvertical taiI brought
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about a.large ~ncreasein slope of the curve of rudder angle
against sideslip t-mgleand, as explained previously, this in-
crease in slope would indicate an even larger increase in the
rudder-bed directional stability.

An attempt has been made to determine the contributions
of the vmious components of the airplane to the directional
stability of the complete airplane for both the original and
the enlarged vertical-tail configurations without the ventral
or the dorsal fin. The results of these estimations are given
in table III in terms of the variation of yaw~ing-moment
coefficient with sideslip angle C& In making these estima-
tions, the dynamic pressure at the ta~ was assumed to be
equaI to the free-stream dynamic pressure. This assump-
tion should be nearly correct for the speed condition for
which data are shown in figure 12,

Table III shows that the directional stability of the two
configurations calculated primarily from the airplane di-
mensions and charts (item 4) was appreciably greater than
that estimated primarily from the flight data (item 5).
Hence, there is shown an unaccounted-for Ioss in directional
stabiIity (item 6) which was the same for both configura-
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The unaccounted-for destabilizing inc.remcnt prob-tions. ~
ably can”bo attributed to siclewd or interfcrence efl’ccts, to
loss in dynamic pressure at t.~etail, or to inability to predict
accurately the lift-curve slopes of the vertical ttiils. In
connection with the lait-named item, rcccnt unpublishc(l
test data indicate thatithe lif&curve slopes given by reference
3 are approximately 10 percent too high. USC of lower
values for t:he”M-curve slopes woulcl reduce the nmgnit.udc
of the unaccounted-for losses in the calcuhtions of table HI.

TABLE IIL-ESTIMATED CONTRIBUTIONS OF VARIOUS
AIRPLANE COMPONENTS TO DIR.ECTIOX.4L STABILITY
OF PROPELLER-DRIV~hT I?IGHTER .41RPLAArE
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FIGIiEE 12.—Effect Of vertird-tail nmrlidcatiom on directiord oharacteristfce in sideelips ;tm~~~ee per boorst~ altitude of 5@@lfeekXormel rated power (WW3I’Pq * k- Hg. aPProx.
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Consideration of table 111leads to the conclusion t-hatthe
directional stability of the airplane with the enlarged vertical
tail was approximately twice as great as that of the.a.irpIane
with the original vertical t-ail. The value of C.B found
from the flight data, for the erdarged-ta.ilconflgura.tion was
0.00127 and that for the original-tail cordlgyration was
0.00058. This large increase in directional stablity was
accomplished b-y only a 12-percent kcrease in total vertical-
t-ailarea which was, however, disposed in such a way as to
give the greatest prac.tieal increase of aspect ratio.

Figure 13 shows the effect of increasing altitude on the
directiomd stability characteristics with normal rated power
at an indicated airspeed of 150 miles per hour for four differ-
ent airplane configurations. The consistent small decrease
in directional stability with increasing altitude, shovm by this
figure, was beLieved to be attributable to the increased pro-
peller blade angles that were required at the high altitude
to produce the higher true airspeed corresponding to the same
indicated airspeed used in tests at the low altitude. Refer-
ence 4 shows that increasing the blade angle increases the
destabiking contribution of a tractor propeller.

CHARACTERISTICS LX ROLLS OUT OF TURNS

Results of the rudder-fi-ed rolls out of turns are shown in
figure 14. The data are- plotted in terms of the masimum
change in sideslip angle per unit airpIane normal-force
coefficient, rather than as simply the masimum cha~me in
sideslip angle, against aileron cleilection. This procedure
was follo~ecl in orcler to take into account the sm~~ changes
in normal acceleration that una-roidably occur between the
time the ailerons are abruptly deflected and the time the
maximum sideslip angle is obtained. Theory show-s that
the yawing moment due to aileron deflection and rolling
and, hence, the. maxhnum sideslip angle attained depends
primarily on the airplane normal-force coefficient. ~onse-
quently, in order to put. the test results on a sound theoretical
basis, each test run was analyzed to determine the ratio of
the ma..timum change in sideslip angle which occurred to the
a~era.ge airplane normal-force coeflicierd which existed during
the run. For purposes of computing the average airplane
normal-force coefficient, the a~era.ge normal acceleration and
speed that e-sisted during each run was used. If it is desired
to obtain the actual sideslip-a.ngle changes from the data of
figure 14, the ordinate should be multiplied by the airplane
normal-force coefficient for which the change in sideslip is
desired. ‘When using the data in this may, ho~ever, it must
be recognized that the data of figure 14 apply only to high
angles of attack, low speeds, and the engine-idling concfition.
Also, for -rery large sideslip-angle changes (larger than about
20°), the data tend to be of only academic interest because in
the flight tests it was found that, by the time such huge side-
slip changes were attained, the a.irphme had rolled into a

FNWSCE lL-Effeet of tious ~ertieat-ta~ modifmations on the abflity to restrict yaw due to
ailerons in rudder-fixed roUs out of turns at 125 to 130mfles per hour with engfne idling.

Rati~ $& ma*um chawis in sidesllp angle per unit afrptie normal-fome coefficient.
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near-inverted attitude in spite of the advantage obtained by
starting the rolls from a 45° banked position. When such
large changes in attitude occur, the eflect of gravity may be
important in determining the maximum sideslip m@e
reached.

The top plot of figure 14 shows that approximately twice
as much change of sideslip angle occurred with the original
vertical tail than with the enlarged vertical t~ for a given
aiIeron deiktion. These results indicate that the direc-
tional stability of the airplane was approximately doubled
by the en~arged verticaI tail. Addition. of the ventral fin
to the original vertical tail (fig. 14) brought about a moderate
increase in directional stability for small changes in sideslip .
angle and, large increases for large changes in sideslip angle.
The effect of the ventral fin was negligible -whenused with
the enktrged vertical tail. These trends are in general
agreement with those obtained from the low-speed side-
slip tests previously discussed, Addition of the dorsal fin
to the enlarged vertical tail apparently reduced the ability
of the vertical tail to restrict the yaw due to aiIeron de-
flection in left roIIs, but no detrimental effects of the
dorsal fin appeared when the ventraI fin also was installed.
This peculiar effect of the dorsal fin occurred also in the
higher speed rolIs from pul-outs (fig. 15). No explanation
for the effect has been found.

CHARACTERISTICS IN ROLLS FROM PULL-OUTS

Previous work on the propeller-driven fighter airplane
(reference 5) has shown that the roll-from-pull-out maneuver
is one in which very large vertical-tail loads may be en-
countered. The magnitude of such vertical-taiI loads -was
shown to depend to some extent on the directional stabiIity
of the airplane. Increasing the directional stabihty of the
airplane would be expected to reduce the maicimumve.rtical-
tail load because, for a given yawing moment due to appli-
cation of ailerons, the maximum sideslip angle reached is
reduced; the vertica.1-taiIload required to offset the unstable
yawing moments of the fuseIage and propeIIer is therefore
reduced even though the load required to offset the primary
yawing moment due to rolling remains e-ssentialIyconstant
with varying directional stabiIity.

The restits of the rolls from puI1-outsat the various speeds
tested are shown in figure 15. The faired curves of the top
pIot indicate that, on the average, the airplane yawed only
about 60 percent as much with the enIarged vertical tail
as it did with the original vertical tail for a given aileron
deflection, The addition of the ventral fin to the original
verticaI tail increased the yaw due to use of the ailerons for
left rolls. This result is contrary to that. obtained at low
speed with the engine idling (fig. 14) and might possibly
be caused by a local increase in unfavorable sidewash in the
region of the ventral fip brought about by the use of power.

COMMITTEE FOR AERONAU~ICS

Left Al@
Chonqe in foiof aitemn onqle, deq

FIGURE 15.—Effect of wrtfcaI-taiI rnodifleations on the abflit y to rcstrlct yaw drrc to fdlcrous
in abrupt rucfder-tlsed rolls from 30 pull-outs at various speeds, Propeller blade angle and
thrust eoef3icientheld constant at values determined by using normal rated pow?r (2,M0
rpm, 43 in. Hg) at 3f0 miIcs per hour. Altitude approxlmfdcl y 5,fJWfwt.
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CTseof the -rentral fin wtit.hthe enlarged vertical tail, hovrewer,
\vas not detrimental to the characteristics in left roUs; there-
fore, any attempts to e.xphin the effects of the ~entral fin
on the basis of side-wash must be regardecl as conjecture.
AS vrould be expected, the data of figure 15 show that the
configuration incorporating all the modifhtions protided
the greatest directional stiffness for restricting the yavr caused
by the ya~~ moment due to aileron deflection and rolling.

DIRECTIONAX TRIM CHARACTERISTIC.S

Typica,l variations of sideslip a.ngle and rudder angle re-
quired for laterdy level straight flight throughout the speed
range -with rated power for the erdarged vertical tail are
shown in figure 16. Similar sideslip-angle and rudder-
a.ngle data for the other five configurations tested n-ere
almost identical to t-hoseshown in figure 16 and are therefore
not presented. Only about 200 right rudder deflection was
required M the stalling speed so that. directional control
power was adequate. A center+f-gra.vity movement of 5

percent of the mean aerod~amic chord hacl a negligible
effect on the directional trim characteristics as shown in
figure 16. .

Variations of the rudder pedal force for wings-level trim
with indicated airspeed are shown in figure 17 for the six
-rertical-tail comEgurations tested. The various vertical-
taiI modifications are seen to ha~e a slight but definite effect
on the pedal-force variations at high speeds. The shape ‘-
of the curve for the original vertical tail is characteristic
of that which might be expected if the rudder fabric covering
or the rudder structure were distorted ovcirg to high aero-
dynamic loads, -whereasthe shape of the curve for the en-
larged -rertical td with both dorsal a.nclventral ti adcled
is approximately that which might be expected without
rudder distortion. With regard to the desirability of the
various types of force variations with speed shown in figure
17, there appears to be little to choos%from in tievr of the
fact that a.11the cordlgura.tiork provided desirably smaII
changes in rudder force -with changes in speecl.
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TRL%l CHANGES DUE TO POWER CH.A2YGES

CHARACTERISTICS OF A PEOPELLER-DRIVEN FIGHTER AIRPLANE 469

The effect of the various vertical-tail modifications on the
trim changes due to power changes is shown in figure M.
The data show that. the addition of the ventral fin to the
original td or the addition of either the dorsa-1or the ventral
h to the erdarged vertical tad had a negligible effect on the
rudder-angle trim changes due to power changes. On the
other hand, considerably more change in rudder a.ngle -was
required to offset the yawing moment due to power for
all the enlarged -rertical-taiI conflgurat,ions than for either
of the origimd vertical-tail cor&u.rat-ions, particularly at
10-wspeeds. This result is believed to be e.xplained by the
difference in height of the two vertical tails as related to the
relative twist of the slipstream. At low speeds (high angles
of attack) the fied tip of the enlarged vertical t-ailprobably
extended into a region of the slipstream where the cross-
flow change due to power change was greatest. Therefore,
in order to offset the increased change in yawing moment
due to cross flow of the slipstream, greater rudder-amgle
changes mzre required with the taller, enlarged vertical
taiI than with the original vertical tail. The rudder-pedal-
force change with power change was approximately consta.nti

[

o

❑

over the speed range tested, and this change was desirably
smaIIinasmuch as it amounted to ordy about 50 pounds for
any of the configurations tested.

PILOTS OPINIONS

As noted previously, the airphme -withthe original vertical
tail showed undesirable directions-1 characteristics thafi
included (1) excessive yawing in abrupt aikron rolls, (2)
rudder-force remrwds in low-speed high-engine-power side-
slips, (3) an undamped directional oscillation of small
amplitucle that sometimes occurred in the rated-power c-limb
condition, and (4) inadvertent sideslipping in accelerated _
maneuvers which led to di.fblty in maint,a.iningconstant
normal acceleration. The piIots considered all the.foregoing
characteristice unsatisfactory.

FolIowing the installation of the enlarged vertical taiI and
the ventral and dorsal fins, four pilots, all of whom had had
wide experience in fly@ airplanes of many different types,
were asked to evaluate the directional stabibty and control
chsmcteristics of t-heairplane through its usmd flight range.
These evaluation flights were made in January 1945. Written
comments from two of the piIots were obtained and their
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opinions are indicated in the following discussion:

Pilot A:
With normal rated power (2,600 rpm, 43 in. Hg), pilot A

reported that’ the rudder-force characteristics in steady
right or left sideslip were satisfactory in both kuiding and
clean configurations. No ovwbalance or lightening of
rudder pedal forces was encountered at any speed, 120
miles per hour being the minimum speed at which steady
sideslipswere made. At low speeds full rudder was obtained,
but at high speeds (above approx. 200 mph) force limited
the deflection obtainable. Force variation with sicleslipwas
not considered excessive. With power off, the force chara-
cteristics were considered to be satisfactory in both Ianding
and clean configurations.

The directional oscillationwas considered to be satisfactorily
and heavily damped in all cases.

Pilot A considered that the rudder trim-force *variation
with speed and power was better than in most current fighters
although it was not ideal and appeared to have been affected
somewhat by vertical-surface changes. In the worst case
the trim change probably feIl within the specified 200-pound

~ limit. With the tab at a setting for trim in climb, cruise, or
high speed (about 0°), probably no more than a 100-pound
left or right rudder force was required for any condition from
stalling speed to 450 miles per hour. Trim change through
the range 1.5 to 1.0 times the stalling speed, particularly
with power on, was higher than through higher speed ranges,

The maneuvering characteristics were considered to be
excelIent. With rudder fixed or free, rapid rolls could be
made at any speed without appreciable yawing even at 10w
speed with rated power. Greatest adverse yawing occurred
in rolk in the wave-off condition at low speed but this yawing
was easily overcome by use of the rudder, Pilot A considered
this airplane the best he had ever flown for ease of direction
control in maneuvering flight and for all-around directional
stability and control characteristics.

Pilot B:

Pilot B considered the directional stabiIity to be excellent
both at high and low altitudes. Adverse yaw due to use of
ailerons was 10W,and at 125 miles per-hour at an altitude of
25,000 feet turns using full aihmondeflection could be made
with rudder locked with only a mild, but well-damped, lateral
oscillation developing. When using rudder in the same ma-
neuver, pilot B used too much rudder and developed the oscil-
lation anyway. Pitch due to yaw in these nianeuvers was
negligible and the normal acceleration could be controlled
accurately. From rudder kicks in rated power climb and at
high speed at 25,000 feet, the lateraI osciIMions were damped
after 2 cycles. In rated-power sideslipsat 150 miles per hour
at 25,000 feet, control was positive all the way to full rudder
deflection with high rudder forces at full deflection with only
a very slight rudder buffet. Bank angle was high. Direc-
tional control at high speed was positive without uncontrolled

oscillations developing from sma~ rudder motions. In pull-
ups or push-downs at 25,000 feet, yawing due to propeller
gyroscopic couples was not noticeable unless the. directional
gyroscope was watched. At no time was there any indication
that the airplane was undesirably stifi directionally. In nll
rapid turns using ailerons and rudder, pilot B overused the
rudder, and therefore considered this to indicate low adverse
yawing and a light rudder. The ruclder trim-force changes
with speed were desirably light.

Pilot B could detect little change in directiom-dchmactcr-
istics between high and low altitudes and considered thk
airplane to be the best he had ever flown at high altitudes.

CONCLUS1ONS

From an investigation of the effect of various verticd-tfiil
modifications on the directional stability and control cha.r-
acberistics of a propeller-driven fightc.r airplane, the following
conclusions were indicated:

1. The directional stability of the airplane was approsi-
mately doubled by increasing the aspect ratio of the original
vertical tail by 40 percent whiIe increasing the vertical-tail
area by only 12 percent. The directional stability of t-ho air-
plane at 300 miles per hour with the original verticnl tail
corresponded to a value of C$l the variation of yawing-
moment coefficient with sidcslip tmgle, of 0.00058; wherms
with the enlargeclverticaI tail the estimated vduc of C4Pwas
0.00127. The pilots considered the directional stability
of the airplane inadequate with the originnl vertical tnil but
satisfactory with the enlarged vertical tail.

2. The addition of a large ventral fin to the airphmc with
the original vertical taiI caused a moderate increase in direc-
tional stabiIity for small sideslip amglesat low airspeeds bu1
no consistent appreciable change in directional stability at.
high speeds. The effect of the ventral fin on the dircctionnl
characteristics of the airplane with the enlarged vertical tn.il
was generally much less than the corresponding effcct when
used with the original vertical tail.

3. Rudder-force reversak, which occurred in sidcslips at
low speeds for high engine powers with the originnl vertical
tail, were ehninated by incorporation of the ventral fin.
SimiIar rudder-force reversals which occurred with the
enlarged vertical taiI,were eliminated by addition of the
ventral fit a smalI dorsal fin, or a combination of the dorsnl
and ventral fins.

4. A consistent small decrease in directional stabiIity due
to increasing altitude occurred in low speed, high-enginc-
power sideslips, and this effect was attributed to t,hc in-
creased propeller bIade angles required t.o maintain a given
indicated airspeed at higher altitudes.

5. The various vertical-tail modifications hacla mcnsurnMc
eflect on the variation of rudder pednl force with indica,tcd
airspeed for fixed rudder tab setting and normal rated power;
however, the force variations provided by the various con-
figurations were aUdesirably small.
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6. Greater changes in rudder angle were required to offset
a given change in engine power with the. enlarged vertical
tail than with the original vertical tail, particularly at low
speeds;however, the rudder power was entirely adequate to
cope with the trim change for any of the conflguratione
tested. A rudder pedal force of approximately 50 pounds
was required to offset the d.h-ectional trim change due to
changing the engine power from engine-idling to rated-power
conditions; this change of pedal force was largely independent
of both airspeed and vertical-tail configuration.

L.iIWGLEYAERONAUTICAL LABORATORY,

N7ATION-ALADVISORY C?OWTTEE FOR AERONAUTICS,

LANGLEY ArR FORCE B-ASE,VA.,NWMMT 21,1946.
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